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within an integrated circuit, A description of how to analyze and characterize different types 
of voids in copper integrated circuits will be discussed in detail further below. 

In alternative embodiments, one can analyze voids in structures composed of other 
metals such as aluminum, tungsten, tantalum, titanium and chromium, as well as non-metals 
5 such as silicon, silicon dioxide, polyimide, silicides and low k insulation materials. In other 
embodiments, other potentially defective areas such as physical shorts, particles or chemical 

impurities can be analyzed and characterized. In other embodiments, the present techniques 
can be used to analyze the localized film thickness variations of one or more layers of 
material in a film stack. For example, the present techniques can be used to analyze the 
10 presence of and amount of dishing and erosion phenomenon occurring as a result of 
imperfect CMP processes on metal films. 

CHARACTERIZING VOIDS IN COPPER INTERCONNECTS 

As discussed previously, the emission of Cu K and Cu L from copper can be used to 
characterize different depths of a copper-containing sample. This characterization of copper 
15 material with respect to depth can be used to detect the presence of voids and to characterize 
the qualities, locations and sizes of the voids. Some techniques for doing this are described 
below. 

Void characterization of Cu interconnect structure can primarily be based on the 
following emissions: low energy Cu La X-rays, high energy Cu Ka X-rays and Si Ka X- 
20 rays. As described previously, the low energy Cu La X-rays are most strongly detected 
when they are emitted from the sample surface or upper portion of the sample and decrease 
dramatically when emitted from deeper regions of the sample. The high energy Cu Ka X- 
rays are strongly detected when they are emitted from the sample surface and also when they 
are emitted from deeper bulk portions of the sample. 

25 So if a void were to exist near the sample surface, there is less copper material near 

the sample surface to emit both Cu La X-ray and Cu Ka X-rays. However, the relative 
amount of Cu La X-ray emission will decrease more than the amount of Cu Ka X-ray 
emission. Likewise, if a void were to exist in the deeper portions of the sample, there is less 
copper material in the deeper portions of the sample to emit both types of X-rays. In this 

30 case, there are already only small amounts of Cu La X-ray emission and the relative 

decrease of the Cu Ka X-ray emission is more dramatic. So detection of Cu La X-rays may 
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